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SUMMARY

A three-stage potassium vapor turbine has been designed for testing in
the existing 3000 KW facility with 1550°F inlet vapor temperature. The turbine
is designed for 15,000 hours operation with eight to ten percent liquid entering
the third stage which has a tip speed of 835 ft./sec. This turbine is a growth
version of the successful two-stage potassium turbine and is based on the same
design principles. The additional stage and more extensive instrumentation are

expected to provide better understanding of wet potassium vapor turbines.
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INTRODUCTION

In Rankine-cycle space power systems, operating on potassium vapor, some
or all of the turbine stages are expected to operate in the wet vapor region
for 15,000 hours or more. Suitable blading materials must be found which are
both compatible with potassium vapor and resistant to droplet impact erosion.
Besides blade material properties, the rate of impact erosion is known from

steam turbine practice to increase with tip speed and moisture content.

A two-stage potassium turbine (1)* was designed, built and tested under
NASA Contract NAS 5-1143. This turbine had about four percent liquid entering
the second stage which had a tip speed of 770 ft./sec. at the endurance test
conditicns. After 5000 hours of testing at these conditions, there was no
evidence of impact erosion on the TZM refractory alloy blades. However, it
is desirable to design potassium-turbine stages for operation at higher values

of moisture fraction and tip speed than the aforementioned values.

As a result, the Re-Entry Systems Department of the General Electric
Company has been under contract to the National Aeronautics and Space Adminis-
tration since July 5, 1966 for the design, fabrication and assembly of a
three-stage test turbine suitable for operation in wet potassium vapor at
1550°F turbine inlet temperature. The main objectives of this program are
the attainment of wet vapor, with a moisture fraction of eight to temn percent
entering the third stage at a tip speed of 835 ft,/sec. and a turbine life of
15,C00 hours. The three-stage turbine is designed for installation and test

in the existing 3000 KW facility.

Numbers in parentheses indicate references listed in this report.
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DESIGN CONSIDERATIONS

The design procedures used for the three-stage turbine were developed
through experience on the two-stage potassium turbine program under Contract
NAS 5-1143., The basic assumption is that wet potassium vapor expands through
the nozzle and rotor blade rows of each stage in a supersaturated condition
and then reverts to equilibrium conditions at the exit of each rotor blade
row. Calculations based on this model gave predicted turbine performance
that was verified by performance measurements during testing of the itwo-stage

potassium turbine (2).

This model permits the use of gas turbine calculation programs for the
supersaturated vapor expansion through each stage. At the exit of each stage
a calculation is made to determine the conditions after reversion from super-
saturated to equilibrium conditions. This calculation satisfies the conserva-
tion equations of mass, energy and momentum for the supersaturated and equili-
brium states. The important results of the reversion calculation are that
some of the vapor is condensed, and the vapor temperature rises to its

equilibrium value; the equilibrium values are used as input for the next stage.

A performance loss due to the droplet drag of the condensed liquid is
based on the energy expended by the rotor in accelerating the moisture which

enters a stage up to the mean wheel speed of the stage.

The first step in the design of the three-stage turbine was the design
of the first two stages to produce 8 to 10 percent moisture. Shown in

Figure 1 is a sketch of a turbine expansion process on the potassium Mollier




diagram. It can be seen that in order to achieve wet vapor with 8 to 10
percent moisture it is necessary to extract about 80 Btu of energy from

each pound of vapor. To accomplish this in two stages which can be tested

in the existing 3000 KW facility required blade turning angles very similar

to those of the two-stage turbine developed and tested under NASA Contract

NAS 5-1143. An optimization study indicated that the best turbine configura-
tion for these conditions had an efficiency less than one percent higher than
that of the two-stage potassium turbine. Therefore, the first two stages

of the three-stage turbine will have the same blading as the two-stage turbine

developed under the NASA 5-1143 contract.

The turbine expansion shown in Figure 1 was calculated for the three-
sStage turbine operating at 1550°F inlet vapor temperature and 18,250 rpm,
which are the design conditions for the endurance test. Because a super-
saturated expansion process cannot be shown properly on a Mollier diagram
which represents equilibrium state points, the equilibrium points at the inlet
and exit of each stage are connected by dashed lines. The first stage ex-
pansion is from a total pressure of 30.86 psia to a static pressure of 15.7
psia, the second stage expansion is from a total pressure of 16.8 psia to a
static pressure of 7.66 psia, and the third stage from 8.65 to 3.71 psia. The
intermediate pressures shown for each stage are the total pressure relative

to the rotating blade and the static pressure at the nozzle exit station.

A pitchline design point calculation program was used for preliminary
design of the third stage. The stage was designed for the exit flow and

pressure conditions of the two-stage turbine operating at 18,250 rpm, with




inlet vapor temperature of 1500°F and a total-to-total pressure ratio of
3.4. The pressure ratio is high enough to provide the maximum amount of
moisture that can be obtained with the two-stage turbine. The rotative
speed is the design value. The inlet vapor temperature was chosen midway
between the operating limits of 1450 to 1550°F. Performance calculations
for the two-stage turbine indicate that turbine efficiency is not sensitive
to variations of inlet temperature in this range. The third stage annulus
flow area was made about 42 percent larger than that of the second stage.
This is a reasonable area expansion consistent with the first two stages.
The design parameters that were varied for the third stage were nozzle flow
angle, nozzle exit velocity and stage work. For each value of nozzle angle
there is one value of nozzle exit velocity that will satisfy the requirements
of flow rate and annulus area. The stage work determines the blade turning
and exit swirl. A stage with a nozzle flow angle of 68 degrees from axial
and a stage work of 40 Btu/lb. was selected. This stage loading is consis-
tent with the first two stages which are heavily loaded in order to get the

maximum amount of condensed liquid at the exit of the second stage.

A lightly loaded third stage was considered for increased turbine effi-
ciency. A stage with a nozzle angle of 66 degrees and stage work of 30 Btu/lb°
had a calculated stage efficiency five percent higher than the one selected.
However, the substitution of this lightly loaded third stage increased the
efficiency of the three-stage turbine less than one percent. The more heavily
loaded stage was selected as representative of a realistic turbine design.

The prime requirement for this application is the attainment of high moisture

content which can only be done in two stages by having them heavily loaded.



A three-stage turbine designed for maximum efficiency would have three lightly

loaded stages and less condensed liquid.

The effect of rotor tip shrouds was investigated as a way to improve
turbine efficiency. Shrouds reduce tip clearance loss partly due to less
interference between the leakage flow and the mainstream flow and partly due
to the fact that the more tortuous path which the flow must take over the
shroud will reduce the actual quantity of leakage flow. Ainley and Mathieson
(3) suggest that the clearance loss for a shrouded blade row is about half
of the clearance loss for an unshrouded blade row with the same tip clearance.
Applying this suggestion to the calculation of stage efficiency for the three-
stage turbine indicates that the use of tip shrouds would improve the effi-
ciencies by 4, 3 and 2 percent for the respective stages. The effect is
greatest for the first stage because the blade height is least and therefore
the percentage tip clearance and loss is greatest. The calculated improvemsznt

in overall turbine efficiency due to tip shrouds is about three percent.

Shown in Figure 2 is the variation of turbine efficiency with total-to-
static pressure ratio. The actual turbine work is based on supersaturated
expansion of the vapor. For the two upper lines no reversions were assumed
and the ideal turbine work is based on supersaturated conditions; the top
line is for an ideal condition of zero tip clearance and the middle line shows
the performance penalty associated with the design values of tip clearance with
rotor tip shrouds. The lowest line is based on reversions to equilibrium con-
ditions after each rotor blade row with the ideal turbine work based on potassium

equilibrium properties. It can be seen that there is a significant difference



in turbine efficiency when an ideal equilibrium expansion is used as the basis.
For example, the turbine efficiency at a total-to-static pressure ratio of 8.0
is 119/142 or 0.838 for the supersaturated calculation and 114/161 or 0.708
based on equilibrium conditions. The lower numerator of the equilibrium case
reflects the losses due to condensation and droplet drag. The larger denomina-
tor reflects the greater ideal expansion energy of the equilibrium process

across a given pressure ratio.

Shown in Figure 3 is a layout drawing of the three-stage turbine flow
path in the hot condition with tip shrouds on all three stages. The use of
tip shrouds creates a potential problem in that liquid may collect in the
tip seal cavity if the cavity is not drained. It is not desirable to drain
these cavities for the initial assembly because high moisture content at the
third stage is one of the program objectives. Downstream of each rotating
blade row the flow annulus was increased at the tip to prevent the buildup
of condensed potassium liquid in the rotating tip seal. To determine any
performance penalty that might be incurred, the sudden expansion loss was
estimated behind each rotating blade row using compressible flow theory.
For expansion area ratios from 15 to 10 percent and Mach numbers from 0.25
to 0.4, the sudden expansion pressure loss was from 2 to 1 percent of the
velocity head. It was estimated that these sudden expansion losses would

cause a negligible 0.2 percent loss in turbine efficiency.




AERODYNAMIC DESIGN

In the design of potassium turbines for operation in the wet vapor
region, the basic a§sumption is that the vapor expands through each stage
in a supersaturated condition with reversion to equilibrium after each rotor.
The values of the polytropic exponent for supersaturated expansion were
determined by flow through a nozzle under the NAS 5-1143 contract (4). The
potassium properties used are those of NRL Report 6233 (5) by the U.S. Naval

Research Laboratory.

A detailed fluid design of the third stage has been carried out using
an axisymmetric flow determinations computer program. This program was used
to calculate flow velocities and angles at eleven streamlines and five axial
locations, by solving the equations of energy, continuity and radial equili-
brium, includingthe effects of streamline slope and curvature. Inputs to
this program are flowpath dimensions, rotative speed, inlet pressure and
temperature, flow rate, energy of the fluid entering and leaving the rotor,

and efficiency of each blade row.

Shown in Figure 4 are plots of axial velocity as a function of radius at
four axial locations in the third stage. The distributions for the nozzle exit
and bucket inlet have a negative slope due to the concave inward curvatures of
the streamlines at the tip. The axial velocity distributions for the bucket
and stage exit have a positive slope because of convex inward curvature near
the tip. The differences in axial velocity between nozzle exit énd bucket
inlet and between bucket and stage exit are due to changes in curvature and

losses between the blade rows.
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Shown in Figure 5 is the radial variation in vapor flow angles at four
axial locations in the third stage. These angles are measured from axial and
positive values are in the direction of rotation. The bucket and stage exit
values are negative and the flow angles at bucket inlet and exit are relative
to the rotating wheel. The bucket turning angle varies from 77 degrees at the
tip to 109 degrees at the hub. At the hub the bucket exit angle is greater
than the bucket inlet angle, indicating accelerating flow or positive reaction.
The maximum nozzle efflux angle is 72.5 degrees at the tip; high values of
nozzle efflux angle were used to reduce the axial velocity levelvthrough the

stage.

Shown in Figure 6 is the radial variation of reaction for the third stage.
Reaction is defined as the ideal static enthalpy drop across‘the rotor divided
by the ideal total-to-static enthalpy drop across the stage. Since the aero-
dynamic calculations were made with a gas turbine program assuming supersaturated

vapor expansion the formula is

-t ¥t
R = Ps1 vo- Ps2 Y
x 11 ¥t
PtO r - PsZ Y
where
Pto is total pressure at stage inlet.
Psl is static pressure after nozzle.
PSz is static pressure after rotor.
Y is polytropic exponent for expansion.
Rx is reaction.

~-12-




The reaction varies from 16 percent at the hub to 48 percent at the tip. The
fairly high reaction was chosen to improve the stage efficiency. The radial
variation of Mach number is shown in Figure 7. The Mach numbers are subsonic
in all cases indicating that the turbine is unchoked. The stage exit Mach
number is around 0.4, which is slightly greater than the exit Mach numbers in

the first two stages.

Shown in Figure 8 are the velocity vector diagrams for the third stage
from the aerodynamic design program. These diagrams were drawn using the
velocities and flow angles for the bucket inlet and exit locations and the
wheel speeds for 18,250 rpm. The results from the Turbine Flow Determinations
program were used to design the nozzle vanes and rotor blades for the third

stage.

The design of the first two stages was discussed in reports issued under
Contract NAS 5-1143 and in Reference 1. The design conditions were 1600°F
inlet vapor temperature and 19,200 rpm. The first set of hardware for the
two-stage turbine had a first stage nozzle effective flow area about 10 per-
cent larger than design. This caused a shift of turbine work from the first
to the second stage with a reduction of about one percent in turbine efficiency.
For the second set of hardware the first stage nozzle vanes were turned about
two degrees to reduce the nozzle passage throat width. Off-desizun calcula-
tions for the two-stage turbine indicate that the second configuration had
1 1/2 percent higher total-to-total efficiency and 3 1/2 percent better total-
to-static efficiency than the first one. This second configuration was used
for the first two stages of the three stage turbine. Shown in Figure 9 are
mean line velocity vector diagrams for the three turbine stages as calculated
with the off-design program at 18,250 rpm, 1550°F inlet vapor temperature and

a turbine inlet total-to-exit static pressure ratio of 8.3.

-13-




BLADING DESIGN

The objective is to design blades that will produce the flow conditions
specified by the results of the axisymmetric Turbine Flow Determinations
program. The nozzle vane chord was chosen as one inch which is consistent
with the first two stages and results in a Reynolds number of 1.8 x 105 at
the design condition. The rotor blade chord was chosen at 0.85 inch with a
Reynolds number of 1.0 x 105. The number of nozzle vanes was chosen at 44,
for a solidity of 1.51 at the pitch diameter. The selection of 52 buckets
for the third stage rotor results in a solidity of 1.51. These values of
solidity are slightly greater than recommended in reference 3, but are consis-

tent with General Electric Co. practice.

Using 44 nozzle vanes the throat dimension for the nozzle passages was

. 2 .
calculated as a function of radius; do =-—§£ cos O where do is nozzle throat

2
width,-zg£ is tangential spacing, and o 1is efflux flow angle from axial. This
throat dimension is shown by the solid lines in Figure 10. The points indicated
by circles are the values selected for the design and they deviate from the
calculated values in the tip region. This deviation results from the require-
ment of linear twist of the nozzle vanes and is acceptable because of uncer-
tainties in the streamline curvature and aerodynamic losses in the tip region.
Using the appropriate throat dimensions and tangential spacing, nozzle blade
shapes were drawn for the pitch, tip and hub sections. The selected blade
profile oriented for the pitch radius is shown in Figure 11. The blade has a
constant cross-section and only the orientation angle varies with the radius.

The blade coordinates, listed in Table I, were input to a cascade analysis

program which solves for the velocity distribution around a blade profile in

~15-




cascade, based on incompressible, two-dimensional flow. Shown in Figures 12,
13 and 14 are the velocity distributions for the nozzle vanes at hub, pitch

and tip sections at the design inlet angle and appropriate orientation angles.,
The ordinate is the ratio of blade surface velocity to stream exit velocity and
the abscissa is axial distance from the trailing edge of the nozzle vane. The
upper line is for the suction or convex side of the vane and the lower line is
for the pressure or concave side. A major criterion for acceptance of a blade
profile is that the maximum vel ocity ratio should be less than 1.15 to minimize

diffusion. It can be seen from these plots that this criterion is satisfied.

The blade sections for the rotor were designed in a similar manner. Using
52 blades, with a solidity of 1.51 at the mean radius, and the results of the
axisymmetric flow program the throat dimension for the rotor blade passages

27r 8

was calculated as a function cof radius; d = —— coOS
o n

, where do is rotor

passage throat width,-ggf is tangential spacing, and B is exit flow angle
relative to blade. This throat dimension is shown by the solid lines in
Figure 15. Using the appropriate throat diuensions, indicated by the circles
in Figure 15, and tangential spacing, rotocr blade shapes were drawn for

five radial stations in the flow annulus. Shown in Figures 16, 17 and 18
are the blade shapes at the hub, mean and tip sections. The blade coor-
dinates, listed in Table II, were input to the cascade analysis program.
Based on the results from the program, the blade shapes were modified until
the ratio of surface velocity to stream exit velocity was smooth with a
minimum amount of diffusion from the throat to the blade trailing edge.

Shown in Figures 19, 20 and 21 are the velocity ratio plots for the hub, mean

and tip sections at design inlet conditions. The velocity ratio was a maximum

of 1.225 for the suction or convex surface of the hub blade section and less

16—




for the other blade sections. Although this velocity ratio is slightly greater
than it was for the nozzles, the stream exit velocity is generally lower for

the rotor blades and a higher velocity ratio is considered satisfactory.

-17-



TURBINE EXIT SYSTEM

The turbine exit system, shown in Figure 22, consists of the diffuser,
the collector or scroll, and the transition section into the ten inch dia-
meter pipe leading to the condenser. The exit diffuser is designed to reduce
the turbine exit velocity and recover a portion of the velocity head as an
increase in static pressure. The diffuser portion of the exit system was
designed at a turbine total-to-static pressure ratio of 6.98. At this con-
dition the turbine exit velocity is very nearly axial. Several different
diffuser configurations were analyzed using a subsonic, compressible flow
analysis. The main objective of the analysis was to obtain a diffuser
configuration which would have no high diffusion rates on either surface to
minimize the possibility of boundary layer separation on either surface,

The final configuration chosen is the one shown in Figure 22. Shown in

Figures 23 and 24 are the diffuser passage width and area which gives the
diffuser an area ratio of 2.19. The results of the diffuser flow analysis

are shown in Figure 25 as surface Mach number along the upper and lower
surfaces. Because of the static pressure recovery in the diffuser, the total-
to-static turbine efficiency obtained from measurements at the diffuser exit
should be approximately 2.5 percent higher than that obtained from measurements

at the turbine exit at the match point.

At the diffuser exit, the flow is dumped into a collector or scroll
passage to be carried tangentially arcund the turbine to the ten-inch diameter
pipe into the condenser. Twelve one-half inch diameter struts required for

mechanical strength have been located at the diffuser exit in lieu of vanes

=19~



near the diffuser inlet in order to not separate the flow in the diffuser.
These rods cause an area blockage of about 12 percent at the diffuser exit.
After the diffuser exit, baffles are placed parallel to the diffuser walls

to prevent recirculation of the flow across the top of the diffuser.

The collector portion of the exhaust system is symmetric about the tur-
bine centerline down to the transition section. The transiticn section is
confined to a relatively small space because of the physical dimensions of
the test facility. The resulting transition section is an attempt tc have
a flow passage which will carry the flow from the collector into the ten-inch
pipe in a relatively efficient manner and which is relatively simple and

inexpensive to manufacture.

«20~




INSTRUMENTATION

Instrumentation will be improved over that used on the two-stage turbine.
Additional thermocouples will be used between each blade row to measure
interstage temperatures. Temperatures and pressures will be measured at
turbine inlet and exit stations to determine overall performance, and between
each blade row to determine stage performance. Additional pressure and tem-

perature measurements will be made in the exit diffuser and scroll.

The efflux pressure measurement system will be utilized to measure
pressures at all stations including the bulletnose differential pressure
measurements which are used to determine the vapor flow rate. Inlet vapor
quality will be determined using the throttling calorimeter. Turbine torque
will be measured with Bytrex strain gage torquemeters. All measurements will
be recorded through the digital readout system. Exit quality will be determined
by means of an energy balance. The turbine enthalpy change is calculated
from measurements of turbine torque, rotative speed and vapor flow rate. The
turbine exit quality is then calculated from exit enthalpy and exit tctal

pressure.

The performance instrumentation are listed in Table III, including the
parameter to be measured, the circumferential location of the sensor at each
measurement station, the range of measurement and the sensor. The instru-

mentation stations are shown in Figure 22,

All thermocouples will be calibrated before installation in the turbine.
They will be checked at three temperature levels using the freezing points of

zinc, 787.1°F, aluminum, 1220°F, and silver 1761.4°F. The efflux system

-2]1-




pressures will be connected to five scanner switches. Each scanner has one

pressure transducer. These transducers will be individually calibrated by
varying the pressure level from 0 to 50 psia and comparing digital readout
of the transducers with a Wallace and Tierman Model FAl129 0-50 psia pressure
indicator,

The Wallace and Tierman gage is periodically checked against a

C.E.C. Pressure Standard which is traceable to the National Bureau of Standards.

-22=




OFF-DESIGN PERFORMANCE

Preliminary off-design performance has been calculated for the three-
stage turbine. Shown in Figure 26 is the variation of vapor flow rate with
turbine inlet total-to-exit static pressure ratio for operation at 18,250 rpm
with vapor inlet temperature of 1500°F. The vapor flow rate is constant at
turbine pressure ratios greater than 8. Shown in Figure 27 is the variation
in turbine power output for the same conditions. The power increases up to
a pressure ratio of about 12, with only slight increases at greater pressure
ratios as the turbine becomes choked. The variation in turbine efficiency is
shown in Figure 28. Although the totai-to-total efficiency is practically
constant, the total-to-static efficiency decreases at the high pressure ratios
due to the greater leaving loss asscociated with the higher exit velocities.
These efficiency values were calculated for shrouded rotor blades with the hot
tip clearances, and are based on the total and static pressures at the exit of
the third stage. A turbine efficiency based on the static pressure in the
exit scroll would be midway between the static and total efficiencies shown.
This is because half of the dynamic head can be recovered by the diffuser and
exit system; the remainder is lost due to total pressure losses in the diffuser

and scroll.

Shown in Figure 29 is the variation in vapor quality at the entrance
to the second and third stages, based on a turbine inlet quality of 0.99.
At a total-to-static pressure ratio of 8.0 the quality is 0.944 into the

second stage and 0,903 inté the third stage.
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Similarly, the performance of the three-stage turbine was calculated at
vapor inlet temperatures of 1450 and 1550°F and is shown in Figures 30 through
39. These plots show the same characteristics seen in the 1500°F plots. The
variation in performance with rotative speed is seen to be small from 15,400
to 20,000 rpm. Note that the second stage exit quality at 1550°F inlet
temperature is 0.901 at a pressure ratio of 7.9, which is the endurance test

condition.
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CONCLUDING REMARKS

A three-stage potassium vapor turbine has been designed as part of the
NASA Rankine Systems Technology Program. A major objective is to determine
whether there is an erosion problem associated with the greater quantity of
condensed liquid and higher tip speeds of the third stage. This turbine is
a growth version of the successful two-stage potassium turbine and is based
on’the same design principles. The first two stages are unchanged aero-
dynamically except that rotor tip shrouds have been added to reduce tip
clearance loss and increase efficiency. The third stage has been designed
to match the first two stages at a condition where the vapor quality out of
the first two stages is about 91 percent. The aerodynamic analysis and
blade designs are based on General Electric Co. design programs as were the

first two stages.

Another objective of the three-stage turbine program is to gain a better
understanding of two phase potassium expansion processes. The assumption
of supersaturated vapor expansion in each stage with reversion to equilibrium
after each rotor blade row seemed to be verified by the test results of the
two-stage turbine. However, the additional stage and more extensive instru-
mentation are expected to provide better understanding of wet potassium vapor

turbines.
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-.625
-.65
-.675
-.7
-.725

TABLE 1

THIRD STAGE NOZZLE COORDINATES

Pitch Section

.025
.05
.075

.125
.15
.175

.225
.25
.275

.325
.35
.375

.425
.45
.475

.525
.55
.575

.625
.646
.667
.685

.713
.725
.735
. 742
. 7475
.751
.753
. 755
.755
.754
.752
. 7475
. 742

29~

.75
A7

.819
.831
. 837
.836
.828
.814
.791
775
.75

.725

.675
.65
.625

. 57D
.95
.525

.475
.45
.425

.375
.35
.325

. 275
.25

.225
.194
.168
.144
.123
.163
.086
.069
.055
.041
,028
.013

.575



TABLE I (Continued)

Section Radius do
N1 4,11 .2119
N2 4.665 .2461
N3 5.22 . 280

Coordinates are for N2 Section.
Constant Cross Section, Linear Twist.

All Trailing Edge Radii = ,0075 in,

~30--

.5865

. 6657

. 7453

Spacing



TABLE II

THIRD STAGE ROTOR BLADE COORDINATES

Rotor Tip Section TS

Suction Surface Pressure Surface
X X X X
-.77 . 456 -.755 .430
-.75 . 473 -.725 . 439
-.725 .493 -.7 . 446
-.70 .51 -.675 . 451
-.675 .525 -.65 . 455
-.65 .5375 -.625 . 457
-.625 .5475 -.6 .457
~.6 .556 -.575 .455
-.575 .5625 -.55 .451
-.55 5675 -.525 . 445
-.525 .57 -.5 . 4375
-.5 .57 -.475 .428
-.475 . 568 -.45 . 4175
-.45 .563 -.,425 .405
-.425 .556 -.4 . 391
-.4 .546 -.375 . 375
-.375 .534 -.35 . 359
-.35 .52 -.325 . 341
-.325 . 504 -.3 . 3225
-.3 .486 -.275 . 3025
-.275 .464 -.25 . 281
-.25 .438 -.225 . 208
-.225 .409 -.2 224
-.2 .379 -.175 .208
-.175 . 346 -.15 .182
-.15 .308 -.125 .1525
-.125 .269 -.1 122
-.1 .225 -.075 .089
-.075 1775 -.05 .055
-.05 .126 -.025 .021
-.025 071 -.013 .003
-.001 .012
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TABLE II {/ontinued)

Rotor Pitch - Tip Section T4

Suction Surface Pressure Surface
X X X X
.79 .375 -, 775 . 346
175 . 389 -.75 .356
.75 .412 -.725 . 364
.725 .4225 -.7 .372
7 .452 -.675 .378
.6735 .468 -.65 .382
.65 .483 -.625 . 385
.625 .496 -.6 . 387
.6 .507 -.575 . 387
.575 .516 ~ .09 . 385
.55 .522 -.525 ,382
.525 .526 -.5 .377
) .5275 -.475 . 370
.475 .525 -.45 . 3625
.45 .522 -.425 .353
.425 .516 -.4 . 343
.4 .509 -.375 . 332
.375 .500 -.35 . 329
.35 . 489 -.325 . 306
.325 .476 -.3 . 291
.3 . 460 -.275 . 295
.275 .442 -.25 2575
.25 .420 -.225 .239
.225 .3925 -.2 220
.2 .363 -.175 .199
.175 .3325 -.15 .176
.15 .298 -.125 150
.125 .2575 -.1 .1225
.1 .215 -.075 .092
.075 .1675 -.05 0575
.05 117 -.025 .021
.025 .0625 -.013 .003
.001 .012
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TABLE II (Continued)

Rotor Pitch Section T-3

Suction Surface Pressure Surface
X X X X
-.825 . 2825 -.805 . 259
-.8 . 311 -.775 .276
-.775 .338 -.75 .288
-.75 . 362 -.725 . 299
-.725 . 385 -.7 . 308
-7 .405 -.675 . 316
-.675 .422 -.65 . 322
-.65 .437 -.625 .325
-.625 .449 -.6 .328
-.6 .460 -.575 . 328
-.575 .467 -.55 .3275
-.55 .473 -.525 . 326
-.525 477 -.5 .323
-.5 .480 -.475 . 320
-.475 .481 -.45 . 315
-.45 .481 -.425 . 309
-~.425 .479 -.40 . 302
-.4 .474 -.375 .2925
-.375 .466 -.35 .2825
-.35 . 457 -.325 272
-.325 . 445 -.3 . 260
-.3 .432 -.275 .2475
-.275 .416 -.25 .234
-.25 .398 -.225 .219
-.225 377 -.2 .203
-.2 .352 -.175 .185
-.175 .3225 -.15 . 165
-.15 .289 -.125 .141
-.125 .250 -.1 .114
-.1 .208 -.075 .085
-.075 .1625 -.05 .053
-.05 .113 -.025 .02
-.025 .062 -.013 .003
-.001 .01
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TABLE II (Continued)

Rotor Pitch Root Section T-2

Suction Surface Pressure Surface
X X X X
.8925 .0855 -.855 .085
.8875 .0945 -.85 .0895
. 875 .115 -.825 .110
.85 155 -.8 .128
.825 .1925 -.775 .145
.8 .225 -.75 .1605
775 .255 -.725 .1748
.75 .2822 -.7 L1875
.725 .3055 -.675 .1988
T . 3265 ~-.65 . 2088
.675 . 3445 -.625 L2175
.65 . 360 -.6 .225
.625 .3735 -.575 . 2308
.6 . 385 -.55 .2358
.75 .395 -.525 ,2398
.55 .4025 -.5 .242
.525 .4088 -.475 2432
.5 .413 -.45 .2432
.45 .416 -.4 . 2405
.4 .412 -.35 325
.35 .3995 -.3 L2205
.3 .3785 -.25 .2026
.25 . 3485 -.2 L1783
.2 .3075 -.175 .1632
.175 .2818 -.15 .1464
.15 .2522 -.125 1272
.125 .2198 -.1 .1035
.1 .1825 -.075 .0812
.075 .1442 -.05 .0528
.05 .1025 -.025 L0195
.025 .0575 -.017 L0C7H

0 .009
.0045 .005
.01 0
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Rotor Root Section T-1

Suction Surface

-.8925
-.8875
.875

-.825

.775

-.725

-.675
-.65
-.625

-.875
-.55
-.525

-.45

-.35
-.3
-.25

-.175
-.15
-.125

-.075
.05
.025

.0045
.01

Y

.0855

.0945

.115
.155
.1925
.225
.255
.2822

. 3055
. 3265

. 3445
. 360
.3735
- 385

. 395
.4025
.4088

.413
.416

.412

.3995
.3785

. 3485
.3075

.2818
.2522
.2198
.1825
.1442
.1025
.0575
.009

.005

TABLE 11 (Continued)
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Pressure Surface

X
.855
-.85
. 825
-.8
. 775
.75
-.725
-.7
.675
-.65
.625
-.6
.975
.55
.525

.475

-.35
-.25
-.175
-.125
-.075

.025
-.017

z
.085

.0895
.110

.128

.145

.1605
.1748
.1875
. 1988
.2088
2175
.225

.2308
.2358
.2398
.242

.243

.2432
. 2405
.2325
.2205
.2026
.1785
.1632
.1464
1272
1055
.0812
.0528
.0195
.0075



Section

TS

T4

T3

T2

Tl

TABLE II (Continued)

Angle of
Leading Edge

Radius Spacing Ellipse do

5.15 .6223 28.96 .3021
4,89 .5909 36.50 .2915
4.63 .5594 42,20 .2801
4.37 .5280 47.20 .2704
4.11 . 4966 51.80 .2678

All trailing edge radii - .0075.

All leading edges formed by 0.070 x 0.035 ellipse.
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Stacking

X

Pcint

. 368
. 397

. 390
.363

.413
. 332



TABLE III.

THREE-STAGE POTASSIUM TURBINE TESTING - 3000

KW FACILITY

Control | Digital {Channel
Item Loca-~ | Sta- Room Readout or
No. Parameter i tion tion Range ;: Sensor | Readout ;| Channel | Position
1 | Vapor Temperature 045° 1 1223:F CA T/C| Digital
2 | Vapor Temperature 135° 1 izgg:F CA T/C| Digital
3 | vapor Temperature 235° 1 1400; CA T/C| Digital
o 1650°F {
|4 o 1400~ .
i ! Vapor Temperature 315 1 ° CA T/C Digital
, : 1650 °F
! 5  vapor Static Pressure 0° 1 0-50 \
: : pkia ‘
[ ! _, o 0-50 o
i 6 | vapor Static Pressure 0 1 rsia Efflux ] Digital'
{ 7 I Vapor Static Pressure 0° 1 g;?g Efflux Digital%
i
T _
8 | vapor Static Pressure { 270° 1 0-50 Taylor | pigital
, psia & Pace
9 | vapor Total Pressure ; 080° 1 g;ig Efflux{ Digital ,
10 | Vapor Total Pressure 280° 1 { g;?g Efflux | Digital | l
— s
11 | vapor Temperature 55° 3 1400; CA T/C| Digital | f
1650°F | -
f . RS i
12 | Vapor Temperature 145° 3 14000 CA T/C| Digital | |
v 1650 °F a z
13 | Vapor Temperature 235° 3 % 1400: CA T/C Digitali !
| 1650°F |
14 | vapor Temperature 325° 3 1400: CA T/C| Digital | !
i 1650 °F 2 ;
15 { Vapor Static Pressure | 80° 3 g;?g Efflux | Digital ;
» |
16 | Vapor Static Pressure | 170° 3 gsgg Efflux | Digital |
. }
17 | vapor Static Pressure | 260° 3 g;?g Efflux | Digital {
18 | Vapor Static Pressure | 350° 3 'g;fg_ Efflux | Digital i
19 | Vapor Total Pressure 0° 3 g;ig Efflux | Digital ‘
20 | vapor Total Pressure 90° 3 g;?g Efflux | Digital |
21 | vapor Total Pressure ! 180° 3 g;ig Efflux | bDigital 5
22 | Vapor Total Pressure | 270° 3 g;ig Efflux | Digital i
23 | Vapor Temperature 127° 4 iggg;F cA T/C | Digital E
24 | Vapor Temperature 314° 4 iggg:F CA T/C| Digital f
L+ 2
25 i Vapor Static Pressure | Inner 4 g;ig Efflux | Digital
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Y ¥ 1 1
? é s |
i Contreol ; Digital Ck: Lo
item Loca- | Sta- : Room | Readout S
No Parameter tion tion Range | Sensor | Readout | Channel | Pos: q4
. 18° 0-50 T
atic Pressure .
26 | vapor St Outer 4 psia Efflux | Digital :1
85° 0-50 |
27 i vapor Static Pressure outer | - 4 psia Efflux | Digital i
280° 0-50 t
2? vapor Static Pressure Outer 4 psia Efflux | Digital E
Q ¥
29 | vapor Static Pressure 281 4 0-50 Efflux | Digital ¢
Ynner psia ! =
s z
30 | vapor Temperature 138° 5 (15225%« CA T/C | Digital i ;
° “650- T r g
31 vapor Temperature 315 5 1650°FICA T/C Digital : :
32 ! vapor Static Pressure 82 5 0-30 }Efflux Digital : '
Inner psia | :
=3 - aa -t M ;
33 | Vapor Static Pressure 277 5 0-50 'Efflux | Digital ‘
Outer psia ) )
@ d '
34 vapor Static Pressure 278 5 0-50 Efflux | Digital : }
Inner psia .
850- : I
° : j
.85 Vapor Temperature 48 6 | 1650°F CA T/C Digital ‘ !
° I 650- :
36 Vapor Temperature 215 6 1650 °F CA T/C Digital :
79° 0-50 T ;
37 vapor Static Pressure Outer 6 | psia Efflux | Digital : ‘
[ H t
38 | vapor Static Pressure 28 6 ! 0-50 | periux Digital ; :
Outer psia : !
[4) — ‘E {
39 vapor Static Pressure 82 6 0-30 Efflux | Digital ! :
Inner psia i :
. 280° 0-%0 | ;
40 vapor Static ‘Pressure outer 6 psia _Efflux Digital ;
277° - )
41 Vapor Static Pressure 7 6 0-50 Efflux i Digital i
Inner psia
42 | vapor Temperature 303° 7 650 CA T/C | Digital %
’ 1650°F t j
° 650- i :
43 Vapor Temperature 142 7 1650 °F CA T/C Digital ;
28 ° 0-50 !
44 vapor Static Pressure Outer 7 psia Efflux | Digital :
827 0-50 |
45 vapor Static Pressure 7 Efflux | Digital | !
IEner psia - :
46 ! vapor Static Pressure 279 7 0-50 Efflux ' Digital !
Inner psia
650- -
48° ;
47 vapor Temperature 8 8 1650 °F CA T/C Digital ]
48 | Vvapor Temperature 230° 8 igga‘F CA T/C | Digital %
20° 0-50 ) ]
' 49 1 !
Vapor Static Pressure outer 8 psia Efflux : Digita ‘
50 | vapor Static Pressure 83 8 0-50 Efflux | Digital
Outer psiaz
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|
Control |Digital  Channel
item Loca- | Sta- - Room Readout or:
No. Parameter tion tion '| Range |{Senser ! Readout iChannel ! Position
<
51 | Vapor Static Pressure 276 8 0-30 Efflux| Digital
Outer psia <
* 52 | vapor Static Pressure 78 8 0-50 Efflux ! Digital
Inner psia
3774 0
. 53 | vapor Static Pressure 274 8 0-50 Efflux| Digital
; Inner psia
54 | Vapor Temperature 108° | 9 fgga°r CA T/C| Digital
55 | Vapor Temperature 255° | 9 f:ga°F cA T/C| Digital
. i
56 | Vapor Static Pressure | 55° 9 z;fg Efflux| Digital
57 | vapor Static Pressure |65° 9 g;?g Efflux | Digital
58 | Vapor Static Pressure |295° 9 g;?: Efflux| Digital
59 | Vapor Static Pressure | 305° 9 g;ig Effiux | Digital
60 | Vapor Total Pressure |8° 9 g;i: Efflux | Digital
61 | Vapor Total Pressure |[75° 9 g;ig Efflux| Digital
62 | vapor Total Pressure |285° 9 g;ig Efflux| Digital
63 | vapor Total Pressure |352° 9 g;fg Efflux | Digital | |
64 | Vapor Temperature 120° 9.5 $228°F CA T/C| Digital i
65 | Vapor Temperature 240° 9.5 gggaoF CA T/C! Digital | ?
5 H
66 | vapor Static Pressure 25 9.5 0-50 i ptriux Digital !
Inner psia
45 0-50 . !
67 Vapor Static Pressure 9.5 Efflux| Digital ]
Outer psia d
9 5
68 | Vapor Static Pressure 315 9.5 0'§0 Efflux| Digital :
Ogigr psia !
69 | Vvapor Static Pressure 335 9.5 0'§0 Efflux| Digital %
Inner psia i !
70 | Vapor Total Pressure |15° 9.5 g;ig {Efflux! Digital i 3
71 | Vapor Total Pressure | 345° 9.5 g;i: Efflux| Digital %
650~ ;
-] 3 4 :
72 | Vapor Temperature 82 9.6 1650°F |CA T/c5 Digital |
- X ! i 4
73 | Vapor Temperature 278° 9.6 ?220°F CA T/C: Digital % §
, . 0-50 :
74 Vapor Static Pressure | 0 9.6 :
v psia ;
75 | Vapor Static Pressure | 60° 2.6 g;ig Efflux| Digital | : %
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-
Contrel |(Digital! Channel :
Item Loca~ |Sta- Room Readeut or |
No. Parameter tien J|tion Range |Sensor | Readout [Channel P°Si§jtfﬁ
76 |{vapor Static Pressure { 135° (9.6 g;f: Efflux { Digital ’
. —
77 |Vapor Static Pressure | 235° 9.6 'g;ig Ettluxpgﬁgéiﬁfgﬁ
78 |vapor Static Pressure | 300° |9.6 :;ig Efflux | Digital
- 650- N
79 |{vVapor Temperature sSw 10 1650 °F CA T/C Digital
80 |vapor Temperature SE 10 ?226°F CA T/C | Digital
81 |vapor Temperature NE 10 1258°F CA T/C Digital
82 |vapor Temperature NW 10 $228°F CA T/C | Digital
: 0-20
83 |vapor Static Pressure | SE 10
psia -
0-20 i
84 |vapor Static Pressure | NE 10 psia Efflux | Digital i
0-20
85 |Vapor Static Pressure | N 10 psia Taylor | Digi&al
‘86 |Vapor Total Pressure | W 10 g;f: Efflux | Digital
87 |vapor Total Pressure |E 10 g;?g Efflux | Digital
o 1400-
88 [(galorimeter Temp. 10 1 1650°F |CA T/C | Digital
89 [Calorimeter Pres. 10° 1 g;i: Efflux | Digital
F]
Main 0-10
90 [Main Condenser Flow EmFm 11 MV EaFm Digital
Main °
91 |Main Cond. Flow Temp. | U 11 800°F |CA T/C | Digital
Water 0-1250 Dial &
92 |Water Brake Torque Brake 11 1bs Bytrex Digital
93 Steam Turb. Torque ¢ ?
Steam vdeSJRﬁ" Magn.
94 |Speed Turb. rpm  [Pickup Berkeley :
Pot. 0- Magn. | Sanborn ;
95 |Speed Turb. rpm Pickup | Digital !
Steam Turbine Steam 0-1 i
9 L
6 Inlet Pressure Turb. psig Pace Digital 2
R.T.D. CATS CATS ?
: .T.D. { Digital
97 Block Temperature Block R.T.D g i
Stand. Resistor 5.6 )
98 R.T.D. Network _ MV Digital i
09 Pad Bearing 1 Pad 250°F [CA T/C | TR#3-1 :
Temperature Brg 1 ;
Pad Bearing 2 Pad o '
100 Temperature Brg 2 250°F |CA T/C | TR#3-2 ;
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i ‘IContrel [Digital | Channei
Item Loca- |Bta- | ° Room Readout or
No. Parameter tion tion Range |Sensor Readout [Channel ! Position
Pad Bearing 3 Pad °
;01 Temparature Brg 3 250°F |CA T/C TR#3-3
Pad Bearing 4 Pad .
102 |, verature Brg 4 250°F |CA T/C |Samborn
Pad Bearing 5 Pad °
108 Temperature Brg 5 250°F |CA T/C ¥3-4
Pad Bearing o ] R :
104 Ring Temperature 24 ;250 F |CA T/C |TR#3-19
Pad Bearing . no
ios Ring Temperature 50 250°F |cA T/c TR#3-20
Pad Bearing Pad 0-200 Ho0 | Foxbere
16
6 | Lube Flow Brg (36pm)  |D/P cell [SBRPOTD
107 Pad Bearing Pad Gauge Visual &
; Lube Inlet Pressure Brg Wrng.5ig.
. Pot. Turb. Bearing ° Digital
108 Lube Temp. Out 250°F |CA T/C TR#3-5
Pot. Turb. Bearing ° v Digital
109 Lube Temp. In 250°F |CA T/C TR#3-6 &F
Rear Ball Thrust Ball 32°- |,
110 Bearing Temp. Brg 282°F CA T/C |Sanborn
Rear Ball Thrust Balil
111 Bearing Temp. Brg CA T/c Spare
Fwd, Ball Thrust Ball 32°-
112 Bearing Temp. Brg 282°F CA T/C (Sanborn
113 gwd. Ball Thrust Ball CA T/e TR#3-8
earing Temp. Brg
114 Ball Brg Lube 200 Bourdon {Visual &
0il Pressure 1In psig (Gauge Wrng.Sig,
Ball Brg. Lube 0- D [Foxbore
115 1511 Fiow _(36pm) |D/P el [S2RPOTR
Turbine Bearing Brg y
116 Housing Temp. Fwd. Hsg CA T/C |TR#1-4
Turbine Bearing Brg
117 Housing;Temp. Mid Hss' CA T/C
Turbine Bearing Brg
8 -
118 | e ing Temp. Aft Hog CA T/C |TR#1-13
Bot. Skin
119 |Brg. Housing Fwd. Cntiln. CA T/C TR#3-7
' Bot skin
2 . . -
120 |Brg. Housing Mid Cntln. CA T/C TR#3-14
' Bot. kin
2 . -1
121 |Brg. Housing Aft <§nt1n. CA T/C TR#3 15
Acceleration Ret Rg 0-10
’122 Aft Ring Vert. 8° §f9 Accel. |Sanbern
Acceleration Ret Rg . 0-10
123 Aft Ring Horz. 270° g's Aecel. {Sanbern
Turbine Shaft Ret Rg =
2
124 Radial Movement 70° Bentley |Scope
125 Turbine Shaft ‘let“if
Radial Movement 160° Bentley |Scope
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— T B a
; i : _Contrel |Digital| Chanuel
Item .Loca- | Sta- | Room Readout | @&
i Wo.i Parameter ftion tion Range | Sensor | Readout (Channel! Pos.. 7
§ "Displacement Steam ! 0-5 | Vib. i
2126 Turb. Aft Brg. Vert : mils |Pickup Sanborn l )
.~ ‘Displacement Steam i 0-5 Vib. E
327 qyurp. Aft Brg. Horz mils |Pickup | S2RBOTD |
| "Displacement Pot. 1T 0-5 Vib. i
1128 r !
128 U turb. Vertical | mils |Pickup | S2RPOTR ;
; " Digpiacement Pot. . T 0-5 Vib. ' ;
1129 - ] ; . . ;
Ll 9 i Turb. Horz | ¢ mils Pickup Sanborn ¥
H ¥ . -y }
: "Displacement Wtr. Brk.! b 0-5 Vib. i
; ¢ j ¢ ra |
130 | Forward vert. { i mils |Pickup | Sanbo ! o
! ‘Displacement Wir. Brk. ' T 0-5 vib. !
; i anbern |
131 porward Horz. .+ mils |Pkckup jS |
: 'Steam Turbine Beari H i f ;
13p | Steam Turbine Bearing © 250°F |CA T/C |TR#3-9 | | :
1 ~{Fwd, Temp. : ; ] i ; |
f ‘Steam Turbine Bearing Bl orn | o ; ;
133 jpia. Temp. | 250°F |CA T/C | TR#3-10 | : .
'Steam Turbine Bearing Bl R : ‘ : :
i ¢ 2 3-11 | ! :
134 10 rempera ture : 5C°F {CA T/C | TR# | i 5
——TSteam Turbi ! | T ; % :
135 Sueam Turbine Lube | 250°F |CA T/C |TR#3-12 ; |
| ‘In Temperature { | i ; ' —
" RN e b > { } i 0 i :
13¢ Steam Turbine Lube | 250°F [CA T/C |TR#3-13 - ;
: -0ut Temperature t ! : : ' ,
137 Steam Turbine i i T80 ‘Bourdon'Blal & ' ;
: ‘Lube 0Oil Pressure ¢ psig {Gauge Wrng.Lt.! ;
' Steam Turb. & Wtr. Brk. ! T Fiw- "Warniag ‘ :
g - 1 s : ' -
138 ube Flow 1 5 3 8PN 'g.ter !Light : B
T oy t T T ; . ! T ;
139 ;Wtr. Brk. Water Inlet Wtir, ; . 60°F CA T/C  Digital E : :
; [ Temperature in-1n | - ' | ' :
o™ " " T g
140 ‘?tr. Bxg. water Inlet (Wtr. i L 60°F CA T/C | TR#3-14
Temperature ‘in-1n . , K
R " |"'" T ' ! N s
141 ‘Wtr. Brk. Water inlet iﬁtr. i  60°F [CA T/C Alarm ;
.Temperature An-1ln | : ] i o
"Wtr. Brk. Water wtr, | ! ory ! e ’
i “ i : i "Digital
142 outlet Temp. in-1ln ; 190°F ECA T/C Digt e,
; ‘Wir. Brk. Water Wtr, | ) or | s R
4 . ‘ C - 30°F {CA T/C [TR#5-15
143 outlet Temp. in-1u | : 1307F 1CA T/C Eir#é 3 o —
‘¥tr. Brk. Bearing Wtr. L anoe | R 1 G 5
3 : b H . E Fo-lb
144 o0 reme. Brk. | ! 180°F CA T/C | TR#D
.. Wate - ; ; Wtr. } i ‘ .
145 é"ftt: Brake Bearing ‘Wt? . L 180°F iCA T/C | TR#3-17
S jalt Tomp., Brk. | ; ' it n
146 ivater Brake Water Wtr. 1 jPotter L. sy
' {Flow 4dp-1n ! i {Fw. Met) gira -
? ‘Water Brake Wtr., 1 :D.C. :
147 : ! i Dial .
O EWater Flow nn~ln: ! (Gener. % * R s
' iPotassium Seal i : i : S e ‘
148 1 ' i iC : ital
?L*S “In Temperature { g ! (CA T/C ;'Dlg e e
' Potnssi & Lo 4 1 i t
[ 4g cTotassium Seal ! ; : 'CA T/C  TR#3-18
i1n Temperature : ; l ; 1 i,
Potassium Seal i ! ! : i
50 ‘ ; (Digital
159 it Temperature i : i XCA T/C (DigEtas e




T -
E : Control (Digital | Channel
Item Loca- : Room Readout or ‘
No Parameter tion : Range ; Sensor | Readout ;Channel | Position
.. jPotassium Seal R
151 Out Temperature : CA T/C T1
Slinger Seal Turbine i 0-150 |Tayler
52 :
1 Inlet Press. P-11 . psig Gauge Dial '
. p o " T T :
153 0il Side Seal Sump | g 0-30 Taylor Dial i
- Pressure P-6 psig Gauge ;
: ‘ T 0-5 |Pace& |F.Rec.& ;
154 Pot. Seal Flow g MV EmF Digital 3
T — -
155 Temperature Argon ! 500°F {CA T/C ;
Seal In ; ;
Turbine Argon Inlet | L.Seal 1 100 | Taylor
1§6 Pressure P-7 atMan, : psig Gaqge Dial
157’ Pot. Side Seal ' -30'Hg to| Taylor &| Sanborn
" !Pressure P-8 100 psig |Statham| & Dial
jArgon Header ; 1 ¢0-60
158 Pressure P-1 | » . psig Taylor | Dial
Argon Extraction i Dnstm i~ 0-10 | .
9 i !
15 Flow | of VPL-8 My EmFm Sanborn :
. . Boller i Taylor&
160 ;Boiler Drum Pres. . Inlet : wiancko Sanborn . _
Boiler Discharge i Upstm : 0w Skin : i
161 ; I H
Temperature (Kkin) ; VPL-11 P -16507F| ., T/C Digital ! !
! : Taylorg& Sanborn &
° :
162 ivapor Static Pres, 0 ; Statham Digital
Y 1
163 Boiler Feed Flow Boiler 2 EmFm | Sanborn
] , Input .
. Blr.Feed ] Skin
164 §8011er Feed ?emp. : ; CcA T/C ]
Turbine Casing Turb. ' Skin ’ i
165 | pwd. Temp. Casing ; ca t/c | TR#2-13 | i
! Turbine Casing Turb. ! skin
166 'Aft_ Temp. Casing | CA T/C TR#2-14
8-Inch Vapor 6 Aftof ; ol Skin 1
v;167 'Lin8 Temp. Sp. Line ; 1450°F CA T/C ' ‘
168 | 8-Inch Vapor "14'Aftof AN 5‘f§§in i o R
:“°% " Line Temp. Spy Line_ 1450°F "|'cq 7/c . TR#1-2. !
/ "Buller Nose Btn item 0-1.5 | Efflux !
‘ : i
169 | pelta P 16-20 psid | & Pace | Di€ital
“{Bullet Nose Btn item 0-1.5 | Efflux
1170 Ipe1ta p 17-21 psid | & pace | Di8ital
h Calori- ~0-50 [raylor
171 | Calorimeter Pressure - ‘
i meter psia | Pace ;Digital
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Enthalpy, Btu/lb.

12000——_ Pressure, psia
30.86
|
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2.1
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First Stage \ | 16.8
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| .66 96
Second Stage
/
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67
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Third Stage
1080—
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.88
j t .86
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Entropy, Btu/lb °R
Figure 1., Turbine Expansion on Potassium Mollier Diagram.
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Turbine Total-To-Static Efficiency
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Power Output, KW
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Figure 27. Three-Stage Turbine Power Output.
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Power Output, KW
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Figure 31.

Three-Stage Turbine Power Output.
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Three-Stage Turbine Power Output.
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